The southern rough shrimp Trachysalambria curvirostris is one of the dominant, small-sized penaeid species in the benthic community of Kagoshima Bay, southern Japan. The growth pattern and longevity of T. curvirostris were estimated from monthly length-frequency distributions of 11,345 specimens collected from June 2002 to December 2005. Carapace length (CL) ranged from 6.2-21.8 mm in males and 3.3-27.4 mm in females. Both males and females were first recruited in August or September with modal sizes around 9.0 mm CL. The growth of T. curvirostris was best described by the Pauly and Gaschütz equation as L t 5 19.04[1 2 exp{21.201(t/12 + 0.372) 2 (0.562/2p)sin(2p(t/12 2 0.723))}] for males and L t 5 28.89[1 2 exp{21.306(t/12 + 0.051) 2 (0.761/2p)sin(2p(t/12 2 0.797))}] for females. Females recorded higher growth performance indices compared to males of the same age group. The monthly growth rates and the percentage occurrence of soft-shelled individuals in both sexes tended to decrease with progression of age. The relationship between carapace length and body weight showed negative allometry, for both males and females. The longevity of this species was estimated to be around 18 months for both sexes.
INTRODUCTION
Due to the economic importance of the penaeid shrimps worldwide, a great effort to understand their growth biology has been made in recent years (Franco et al., 2006) . According to Hartnoll (1982) , growth in penaeid shrimp can be expressed as the increase of length, volume, wet weight, or dry weight, and it is essentially a discontinuous process, with a succession of molts (or ecdyses) separated by intermolts. Information on demographic parameters particularly asymptotic length, growth coefficient, growth performance, and longevity are essential for efficiently sustainable management of shrimp resources.
The southern rough shrimp Trachysalambria curvirostris (Stimpson, 1860 ) is a small-sized penaeid shrimp, widely distributed in the coastal waters of the Indo-West Pacific regions (Holthuis, 1980; Sakaji and Hayashi, 2003) . This shrimp is commercially important especially for smallscale bottom seiners and trawlers in Japan, Korea, China, and Taiwan (Ueta, 1987; Kusakabe, 1997; Cha et al., 2004) . However, this fishery is of minor commercial importance in the catch in India (Kurian and Sebastian, 1976) , New South Wales, Queensland, and Western Australian waters due to its small size (Racek, 1957) .
Biological studies of T. curvirostris have concentrated on populations inhabiting shallow coastal waters of the Pacific. These studies have emphasized its ecology (Ariake Sea: Ikematsu, 1963) , distribution and spawning (Sendai Bay: Kosaka, 1979) , morphology and ecology (Tosa Bay: Toriyama, 1980) , reproduction and growth (Kii Channel: Ueta, 1987 ; Osaka Bay: Kusakabe, 1997; Yellow Sea: Cha et al., 2004; Tokyo Bay: Yamada et al., 2007) , and larval developmental stages in laboratory settings (Ronquillo and Saisho, 1995) . In the Suez Canal, Gab-Alla et al. (1990) also studied its reproductive biology. Toriyama (1980) and Hayashi (1992) reported that the depth distribution of this species is limited, inhabiting shallow coastal waters less than 50 m in depth. However, Kagoshima Bay in southern Japan, is a deep water semienclosed bay with a maximum water, depth of over 230 m, where T. curvirostris is one of the dominant species in the benthic community and a target for small-scale bottom seiners (Ohtomi, 2004) . Hossain and Ohtomi (2008) studied the reproductive biology of this species in Kagoshima Bay. However, detailed studies on the growth and longevity of this species in deeper waters are evidently lacking. Consequently, lack of adequate knowledge on the growth and longevity of T. curvirostris remains an impediment to the definition of sound management strategies for this important fishery. The aim of the present study is to provide information on growth and longevity based on monthly length-frequency distributions of T. curvirostris in Kagoshima Bay using a large number of specimens with a wide range of body sizes collected over a four-year study period. The relationship between carapace length and body weight was also examined for both sexes.
MATERIALS AND METHODS

Shrimp Sampling
The shrimp sampling was carried out monthly during the daytime in the northern part of Kagoshima Bay at depths of 110 to 130 m from June 2002 to December 2005 (Fig. 1) . Beginning in June 2002 through December 2003, sampling was conducted on board a commercial bottom seiner (4 t) JOURNAL OF CRUSTACEAN BIOLOGY, 30(1): 75-82, 2010 equipped with 24.5 m long net with 27.5 mm and 20.2 mm mesh size in the net body and cod end, respectively. Each trawl was towed for around 10 min at 1.1 kt (2.04 km/h). From January 2004 to December 2005, sampling was conducted using the Nansei-Maru (175 t), training vessel of the Faculty of Fisheries, Kagoshima University, equipped with a simple trawl net measuring 23.5 m in total length, 37.9 mm mesh body, and 20.2 mm mesh cod end, carrying canvas kites of 1 3 1 m on the tip of the wings. For Nansei-Maru, each trawl was towed for 10 min at 2.0 kt (3.70 km/h). Collected specimens were immediately chilled in ice on board and then fixed with 10% formalin upon return to the laboratory.
Shrimp Measurement
All specimens collected were sexed according to the presence of petasma for males and thelycum for females. Carapace length (CL) from the posterior margin of the orbit to mid-dorsal posterior edge of the carapace was measured using a slide caliper (Mitutoyo, CD-15PS) to the nearest 0.01 mm. Body weight (BW) of individual specimens was taken using an electronic balance (Shimadzu, EB-430DW) with 0.01 g accuracy.
Shell hardness was examined and recently molted individuals with a rostrum that could be bent by mild thumb pressure were classified as soft-shelled. The monthly percentage occurrence of soft-shelled individuals was calculated for each sex using the formula: % softshelled individuals 5 100 3 (number of soft-shelled individuals / total number). Since it was difficult to identify the small individuals (, 12.0 mm CL) as soft-shelled, we excluded the samples during August to December from this analysis.
Growth Analyses
Monthly length-frequency distributions for each sex were constructed using 1 mm intervals of CL. A series of component normal distributions was fitted to the frequency distribution of each sample by sex, using a computer analysis (Microsoft Excel-add-in-Solver) based on Hasselblad's maximumlikelihood method (Hasselblad, 1966) . Each component normal distribution was assumed to represent an age group in the population. The outputs from the analysis included mean CL, standard deviation, and proportion of each age group explained by each component normal distribution. The growth patterns of CL for male and female T. curvirostris were modeled by fitting three equations to the mean CLs at ages estimated for each component normal distribution at the various sampling dates. The equations were:
von Bertalanffy equation von Bertalanffy, 1938 ð Þ :
Gompertz equation Beverton and Holt, 1957 ð Þ :
Pauly and Gaschütz equation Pauly and Gaschütz,1979 ð Þ :
where, L t is the CL (mm) at age t (month), L ' is the asymptotic CL (mm), K is the growth coefficient (year 21 ), C is the amplitude of seasonal growth oscillation, t s is the beginning of growth oscillation (winter Point, WP 5 t s + 0.5; the time of the year when growth is the slowest) and t 0 is the hypothetical age when the CL would be zero. The best fitting model among these three equations was selected on the basis of the Akaike's information criterion (AIC) (Akaike, 1973) , because the number of parameters was not the same among these three equations. AIC was calculated as: AIC 5 n ln Y min + 2r, where n is the number of data, r is the number of estimated parameters, and Y min is the minimum value of the objective function (residual sum of square /n). According to this method, the model with the lowest AIC value was selected as the best fitting model.
The monthly growth rate (MGR) was estimated using the following equation:
where L t and L t + 1 are the back-calculated CLs (mm) at age t and t + 1 (months) from best fitted equation.
The relationship between CL and BW in both sexes was expressed by the equation of Huxley (1932) : ln(BW) 5 ln(a) + b ln(CL). The 95% confidence limits of the parameters a and b and the statistical significance level of r 2 were also estimated. To assertion whether b values obtained in the linear regressions were significantly different from the isometric value of 695% (a 5 0.05) was applied, expressed by the equation according to Sokal and Rohlf (1987) : t s 5 (b 2 3) / s b , where t s is the t value, and s b the standard error of the slope (b). Comparisons between t s values and the respective tabled critical values allowed us to classify tests as being in the isometric (b 5 3) or allometric range, the latter including negative (b , 3) or positive allometry (b . 3) (Tesch, 1971) . The soft-shelled individuals were not considered for this analysis because of low body weight in comparison with the normal (hardshelled) shrimps.
The estimated values of L ' and K from the best fitting model were then used for comparison of growth performance indices (Ø') between sexes using the equation by Pauly and Munro (1984) : Ø' 5 log 10 K + 2log 10 L ' . The longevity of male and female T. curvirostris was estimated from the time series of the CL frequency distributions.
RESULTS
Growth Pattern
A total of 11,345 specimens were collected from Kagoshima Bay; 6,309 by the commercial bottom seiner and 5,036 by the Nansei-Maru. The overall sample was composed of 50.4% males and 49.6% females. The CL of T. curvirostris ranged from 6.2-21.8 mm in males and 3.3-27.4 mm in females. Both male and female T. curvirostris were first recruited in late summer (August or September) with a modal size of around 9.0 mm CL (Figs. 2 and 3) . One or two age groups were found to be present in each month.
According to Hossain and Ohtomi (2008) , the spawning season of T. curvirostris extends from May to November, with a peak between June and July in Kagoshima Bay. The actual ages of individuals belong to each age group were estimated by arbitrarily assigning 1 July (approximately the peak date of main spawning period) as 'day 1' in the life cycle of the shrimp. The calculated growth equations for males were as follows: 
The Pauly and Gaschütz equation provided the best model for describing the growth for both sexes on the basis of the AIC (equations (3) and (6)). The growth curves for both sexes are shown in Fig. 4 . Females had higher L ' and K values than males.
Monthly Growth Rate and Percentage Occurrence of
Soft-shelled Individuals
The temporal changes in MGR throughout life cycle of T. curvirostris in Kagoshima Bay are shown in Fig. 5 , together with monthly percentage occurrence of softshelled individuals, after the back-calculation of CLs (mm) at age t and t + 1 (months) using equations (3) and (6). The higher growth rate was observed in males and females at the recruitment time during August or September and lowest in November to December. The results also indicated that the MGR and the percentage occurrence of soft-shelled individuals in both sexes tended to decrease with progression of age.
Length-weight Relationships
The relationship between CL and BW indicated negative allometric growth in both males and females (2.971 and 2.904 respectively) as the statistical t test revealed that the allometric coefficient b values were significantly different from 3 in both sexes (P . 0.05) ( Table 1) . Analysis of covariance revealed significant differences between sexes for the slopes (b) and intercept (a) of the regression lines (P , 0.01) (Fig. 6 ).
Growth Performance and Longevity
The growth performance index (Ø9) was higher for females (3.04) than for males (2.64). This indicated that females had higher growth rates than males at the same age (Fig. 4) . The longevity for both males and females was estimated to be around 18 months based on the time series of the CL frequency distributions (Figs. 2 and 3 ).
DISCUSSION
Information on biological aspects of T. curvirostris from deeper waters is insufficient and the data quality and methodology of previous studies on growth from shallower waters are also not clearly defined (Ueta, 1987; Kusakabe, 1997; Cha et al., 2004) . In Kagoshima Bay, T. curvirostris inhabit areas where water depths are greater than 100 m. Ohtomi and Irieda (1997) reported that studies on age and growth of the shrimps in deeper waters are scarce due to the difficulty of collecting a long time-series of large samples. However, we were able to successfully collect a large number of specimens over a period of four years using a commercial bottom seiner and a training vessel in order to estimate the growth pattern and longevity of T. curvirostris in Kagoshima Bay. These two vessels were equipped with trawl nets having the same mesh-sized cod end (20.2 mm); therefore, mesh selectivity was assumed constant during the two sampling periods. In the present study, the maximum size of T. curvirostris in Kagoshima Bay was 27.4 mm CL for females and 21.8 mm CL for males. These results agree with Cha et al. (2004) who recorded the maximum size 28.9 mm CL for females and 20.5 mm CL for males in the Yellow Sea, Korea. In Tokyo Bay, the maximum CL observed by Yamada et al. (2007) was 28.4 mm for females and 17.1 mm for males. However, in the Suez Canal, the maximum size of females was comparably smaller (22.2 mm CL, Gab-Alla et al. (1990) ) than that recorded in the Japanese and Korean waters. Nevertheless, Sakaji and Hayashi (2003) reported that the smallest size of T. curvirostris in the Suez Canal may be due to the misidentification of T. palaestinensis (Steinitz, 1932) . However, these differences may be attributed to differences in environmental factors, particularly water temperature and food availability. To analyze the growth patterns of T. curvirostris in Kagoshima Bay, three growth models were tested for the best fitting. It was revealed that the Pauly and Gaschütz equation provided the best AIC fit for growth of the T. curvirostris population in the bay. The estimated growth parameters were within the acceptable limits for penaeids (D'lncao and Fonseca, 2000) and were consistent with the values reported for this species from other waters ( Table 2) . Several studies on penaeid shrimps reported that females had higher L ' and lower K values than males (Pauly et al., 1984; Cha et al., 2002; Choi et al., 2005) . However, the present study showed that females had higher L ' and K values than males. Similar growth parameters were also observed in Tokyo Bay (Yamada et al., 2007) , although Cha et al. (2004) reported that females had higher L ' than males and K values of both sexes the same. The estimated growth performance index (Ø') for T. curvirostris of Kagoshima Bay was different between the sexes suggesting that females grew faster than males. These values were similar to results observed from other studies on penaeid shrimps (Cha et al., 2002; 2004; Choi et al., 2005; Franco et al., 2006; Yamada et al., 2007) . However, the factors leading to higher growth performance in females than males remain undefined.
Standard deviations of each age group tended to be higher in females than males (Figs. 2 and 3) , suggesting that individual growth in female was more variable than in male. Similar results were recorded in earlier studies on Solenocera melantho De Man, 1907 in Kagoshima Bay (Ohtomi and Irieda, 1997) and Haliporoides sibogae (De Man, 1907 ) from the Australian waters (Baelde, 1992) . From the fitted Pauly and Gaschütz growth model, the results suggested that growth rates of both male and female T. curvirostris followed a seasonal oscillation. The monthly growth rates and percentage occurrence of soft-shelled individuals in both males and females trended to decrease with progression of age, although, it was difficult to identify the small individuals as soft-shelled during August to December as because most of the shrimps in each sample were small in body size (, 12.0 mm CL). However, Ohtomi and Irieda (1997) observed a synchronous type of relationship between MGR and the percentage occurrence of soft-shelled individuals of S. melantho in Kagoshima Bay could be attributed to the fact that growth in shrimps is attained through successive moulting. More detailed studies are needed to prove the relationship between MGR, as well as, growth oscillation, and the percentage occurrence of soft-shelled individuals throughout the life cycle of T. curvirostris in Kagoshima Bay. Imabayashi and Yamada (1991) reported that molting of laboratory-reared T. curvirostris occurs at 15uC or higher, but not successfully occur below at 12uC. In Tokyo Bay, the growth rate of T. curvirostris was lower in winter than summer, when the bottom water temperature decreased more than 15uC during January to April (Yamada et al., 2007) . Similar seasonal growth oscillations were observed in other coastal waters (Kusakabe, 1997; Cha et al., 2004) . Pauly et al. (1984) also observed that seasonal growth oscillations correlated well with annual temperature fluctuations while Ohtomi and Irieda (1997) observed that several environmental factors exhibiting periodicity such as the lunar and the diel cycles of the tides, as well as the phase of the moon at the date of each sampling showed little correlation to the frequency of molting. Their study also observed that the frequency of molting, as well as growth rate, was apparently correlated with the reproductive cycle. However, in Kagoshima Bay, the bottom water temperature showed no seasonal trends and it rarely fell below 15uC even during the winter season when the lowest temperature recorded was 15.6uC during March (Hossain and Ohtomi, 2008) . Consequently, the effects of water temperature on molting or growth of T. curvirostris are not distinctively evident in Kagoshima Bay. Nevertheless, Ohtomi and Irieda (1997) earlier observed seasonal oscillations in the growth rate of S. melantho with a 3-year longevity in Kagoshima Bay. In present study, there Fig. 6 . Relationship between natural logarithmic carapace length (CL) and body weight (BW) for both sexes of Trachysalambria curvirostris in Kagoshima Bay. was also no noticeable fluctuation of salinity in the sampling area of Kagoshima Bay (Hossain and Ohtomi, 2008) ; hence, salinity had little or no effect on molting as well as growth for T. curvirostris. However, our hypothesis is that seasonality of larval food supply is an important selective pressure and/ or important factor acting on the seasonal patterns in growth of penaeid shrimps, including T. curvirostris in Kagoshima Bay. Therefore, more detail studies are needed to ascertain the influence of factors as larval food (plankton) as ultimate factors controlling the seasonal patterns in growth of T. curvirostris in this bay.
In the present study, a negative allometry was observed in the CL-BW relationship for both males and females. After growing to the recruitment size, the body weight of males showed faster growth than females of similar carapace length (Table 1) , although, the absolute growth of males was slower than that of females (Fig. 4) . Similar results were reported by Ohtomi and Irieda (1997) , while they were studying on S. melantho in Kagoshima Bay. Penaeid shrimps typically show allometric coefficient (b) close to 3, indicating that shrimp grow isometrically. The calculated b values for our study varied from 2.904-2.971 for females and males respectively, which were within the limits 2.5-3.5 reported by Froese (2006) . However, the mean body weight at different ages was estimated from the length-weight relationship and equations (3) and (6) were derived during this study, transforming asymptotic carapace length (L ' ) male and female T. curvirostris to body weight (W ' ) using each equation (Table 1) , W ' 5 5.2 g in males and 16.2 g in females.
The longevity for both sexes of T. curvirostris was estimated to be around 18 months according to the CL frequency distributions. The results differed somewhat from that observed by Ueta (1987) who reported the longevity of females and males as 12-19 mo in Kii Channel, Japan, while Kosaka (1979) reported the lifespan of males and females was 12 and 24 mo, respectively. Several studies showed that these differences are primarily attributed to environmental factors, particularly water temperature (Cha et al., 2004; Choi et al., 2005) . Consequently, there is a need to carry out more studies on the planktonic phases and the settlement periods of both shallow and deep water populations of this penaeid shrimp species and evaluate the extrinsic factors that affect ecdyses, as well as growth. 
